The pure aromatic volatiles p-cymene, carvacrol, eugenol and thymol as well as commercial essential oils oiCinnamomum zeijlanicum. Origanum vulgäre, Pinienta dioica. Pimenta racemosa. Satureja hortensis, Stjztjgium aroinaticum. Thymus vulgaris and Trachyspemium ammi were investigated concerning antimicrobial activities. Therefore, these samples and, as reference substances, synthetic antibiotics and the natural antimicrobial components carveol, m-, o-and p-cresol were tested against strains of two Gram-positive and five Gram-negative bacteria and the yeast Candida alhicans using agar dilution and agar diffusion methods. The analysis ofthe chemical composition ofthe essential oils by means of GC and GG/MS focusing on aromatic volatiles produced the following results: C. zeijlanicum: eugenol (74.9%); O. vulgäre: carvacrol (66.1%) and p-cymene (9.2%); P dioica: eugenol (76.0%); P. racenwsa: eugenol (45.6%); S. hortensis: carvacrol (41.5%), p-cymene (10.7%) and thymol (8.7%); S. aronmtioum: eugenol (76.8%); T. vulgaris: thymol (43.4%), p-cymene (23.5%) and carvacrol (4.1%); T. ammi: thymol (43.7%) and p-cymene (17.7%). All investigated aromatic volatiles and essential oils exhibited strong effects against the yeast Candida albicans and medium to strong antimicrobial activity against the Gram-positive bacteria Staphylococcus aureus and Enterococcus faecalis and the Gram-negative bacteria Escherichia coli, Klebsiella pneumoniae, Proteus vulgaris, and Salnwnella sp., whereas weaker effects were observed against Pseudomonas aeruginosa.
Introduction
aroma compounds and various essential oils and plant extracts -, , , , , with a high content ofthese substances (1), the pure aromatic In continuation ot the authors research on the systematic , , l j ^u l XL p , , •' . compounds carvacrol, p-cymene, eugenol and thymol, the and combined data correlation ot antimicrobial activities ot x. l .l r/-.. i . m A . essential oils of Cmnamomuni zeylamcum Blume, Origanum vulgäre L., Pimentadioica (L.) Merr., Pimenta racemosa (Mi\l.) ," _^ _.
. . . . . , T.W. Moore, Satureja hortensis (L.), Syzygium aromaticum
Bullock et S.G. Harrison, Thymus vulgaris L. and
Trachyspermum ammi (L.) Sprague ex Turill, the natural antimicrobial components carved, o-, m-and p-cresol as well as antibiotics were investigated concerning these activities. Although these aromatic volatiles, especially phenolic components, as well as essential oils are already proven to possess antimicrobial effects and thus are partly used in various medicinal, pharmaceutical, cosmetic and perfumery products as well as for edibles, e.g. (2) (3) (4) , the study aimed at ascertaining antimicrobial effects of these substances using standardized methods in order to add the obtained data into a corresponding database. (192384-lOG) and o-cresol (C85751-5G) were purchased from Sigma-Aldrich Go. (Vienna, Austria).
Experimental

Synthetic reference compounds:
Tetracycline hydrochloride (achromycin hydrochloride -25 g, T3383-25G; purity 98%), is a product of Sigma-Aldrich Austria Go. (Vienna, Austria); Giproxin 500 mg tablets (1 tablet = 582 mg ciproHoxacin hydrochloride/water) from Bayer Austria Go. (Vienna, Austria) and Lidaprim infusion bottle (]250 mL containing 800 mg sulfametrol and 160 mg trimethoprim) from Nycomed Austria Go. (Vienna, Austria).
GC-FID: GG-FID analyses were carried out using a GG14Awith split/splitless-injector, FID andG-R6A-Ghromatopac integrator (Shimadzu, Japan), a GG-3700 with FID (Varian, Germany) and G-RIB-Ghromatopac integrator (Shimadzu). The carrier gas was H^; injector temperature, 250°G; detector temperature, 320°G. The temperature program was: 40°G/5 min to 280°G/5 min with a heating rate of 6°G/min. The columns were a 30 m x 0.32 mm bonded Stabilwax (flow-rate [H^] 1 mL/ min), with a Him thickness of 0.50 |im (Restek, USA) and a 30 m X 0.25 mm bonded DB-5MS fused silica (flow-rate [HJ 1.5 mlVmin), with a film thickness of 0.50 |J,m (J & W Scientific Gorp., USA). Quantification was performed using peak area calculations, and compound identification was carried out partly using correlations between retention times (5) (6) (7) (8) .
GC/MS: For GG/MS measurements a GG-17A with QP5050 (Shimadzu), split/splitless-injectorandHP-Gompaqdatasystem (GG/MS solution software), a GG-HP5890 with HP5970-MSD (Hewlett-Packard, USA) and GhemStation software on a Pentium PG, a GGQ (Finnigan-Spectronex, Germany-USA) and Gateway-2000-PS75 data system (Siemens-Nixdorf, Germany, GGQ-software) were used. The carrier gas was He; injector temperature 250°G; interface heating300°C, ion-source-heating 200°G; El mode 70 eV, and the scan-range 41-450 amu. For other parameters, see description of GG-FID forecited. Mass spectra correlations were performed using Wiley, NBS, NIST and the authors' library as well as published data (5, 8, 9) .
Olfactory evaluations: All investigated samples were olfactorily evaluated by a professional perfumer and two aroma chemists. The aroma was described as presented in Tables I  and II and correlated with odor impressions published elsewhere (10) (11) (12) (13) (14) (15) or listed in private libraries, respectively.
Antimicrobial testing: Eight pathogenic microorganisms contributing to food poisoning, namely Gram-positive bacteria Staphylococcus aureus ATGG 6538P, Enterococcus faecalis (clinically isolated); Gram-negative bacteriaEsc/ienc/ita coli ATGG 8739, Pseudomonas aeruginosa G 28 (selected from strain LMG29), Proteus vulgaris (clinically isolated), Klehsiella pneumoniae (clinically isolated) and Salmonella sp. {Salmonella ahony DSM 4224 and Salmonella enteritides DSM 14221, clinically isolated) as well as the yeast Candida alhicans ATGG 10231 were acquired from the National Bank of Industrial Microorganisms and Gell Gultures (Sofia, Bulgaria). The antimicrobial activity was studied using two methods: Firstly, agar diffusion disc method was carried out disposing of 6 mm paper discs and quantities of 6 |a.L of the sample. After cultivation of the bacteria and the yeast at 37°G for 24 h, the diameter of the inhibition zone (IZ) was measured. Secondly, the agar dilution method was applied as follows, yielding results expressed as minimum inhibitory concentration (MIG): The oil and pure reference compounds were added to broth, containing 1.0% (v/v) Tween 80, at the appropriate volumes to produce final concentrations of the samples in the range of 1-1000 ppm; the concentration of pathogens in the medium (Luria Bertani medium with 1% glucose added) should exceed 106-107 cfu/cm\ The agar plates were inoculated by pipetting 0.1 cm^ of the culture and 6 llL of the samples as well as the reference compounds (Giproxin [Bayer Austria Go., Vienna, Austria] tablets were dissolved and added as saline solution in a quantity of 300 |ig and 30 |ig, respectively; tetracycline powder was dissolved in buffer containing 0.05% ethanol) on paper discs (6 mm) and then incubated at 37°G for 24 h.
Results and Discussion
The essential oils were investigated concerning their compositions of volatiles by means of GG-FID and GG/MS with special consideration of their aromatic target compounds. In addition, olfactory evaluation was conducted for confirmation. All investigated oils were olfactorily evaluated, exhibiting characteristic, pleasant odors. The GS/MS analysis of the compositions of aromatic target compounds of each essential oil resulted as follows: Cinnamomum zeylanicum (16) , Syzygium aromaticum (17) , Pimenta dioica (18) and P. racemosa (19) were rich in eugenol, yielding concentrations from 45.6% up to 76.8%; Origanum vulgäre (20) and Satureja hortensis (20) were high in carvacrol (66.1% and 41.5%, respectively) and p-cymene (9.2% and 10.7%, respectively); S. hortensis in (20) and Trachyspennum ammi (21) in thymol (43,4% and 43,7%, respectively) and p-cymene (23,5% and 17,7%, respectively); T. vulgaris additionally in carvacrol (4,1%) ( Table I) , The aromatic target and reference compounds were analyzed for their purity by means of GC-FID and GC/MS, with concentrations between 97,4% and 99,5% detected. Additionally, the olfactory qualities of these components were evaluated (Table II) , The results of antimicrobial testing using agar dilution and agar diffusion methods against two strains of Gram-positive and five strains of Gram-negative bacteria as well as the yeast C alhicans are given in Table III , Concerning the antimicrobial activities against S, aureus and E.faecalis, the essential oils as well as the aromatic target compounds inhibited both strains of Gram-positive bacteria to a varying extent, showing a distinct correlation: Carvacrol and the oil of O, vulgäre, which is rich in this compound, had the most inhibitory effect on bacterial growth, whereas eugenol and eugenol-rich oils-with exception of P, racemosa, which has a somewhat lower content of eugenol than the otherspecies tested-demonstrated weak effects. The activities of the essential oils against the Gram-negative bacteria were on average only slightly weaker than those against Grampositive bacteria. However, only marginal inhibitory activities could be observed against P. aeruginosa, with C. zeylanicum and S. aromaticum completely lacking activities against this strain. The strongest effects against Gram-negative bacteria were observed for S, hortensis, T. ammi and O. vulgäre, which is once again substantiated by si milar results for carvacrol (with exception of the test against P. aeruginosa). The eugenol-rich oils C, zeylanicum, S. aromaticum and P. dioica acted weakly against Gram-negative bacteria; P. racemosa once again was a better inhibitor of bacterial growth. Contrary to these results, eugenol itself had a better antimicrobial activity against Gramnegative bacteria than oils rich in this compound. Interestingly, p-cymene, which can be found in oil, was found to have no effects against Gram-negative bacteria at all in contrast to T. tmlgaris and T, ammi, which comprise a considerable concentration of p-cymene. Therefore, their activities must be correlated to their major compound thymol rather than p-cymene. Generally, the anti-candidal were stronger than the antibacterial activities for both essential oils and aromatic target compounds. However, the effects of p-cymene and eugenol were notably weaker than those of oils rich in these compounds as well as the other aromatic target compounds tested.
tliymol (8,7%); Thtjmus vulgaris
Comparingthe results forC, zeylanicum. and S. aromaticum essential oil to those of a similar study by Lopez et al, (22) , C, albicans was the most sensitive test organism in both studies, followed by G ram-positive and Gram-negative bacteria and the weakest inhibition for P. aeruginosa. In accordance with Bozin et al, (23) , the essential oil of O, vulgäre demonstrated slightly stronger antimicrobial effects than the oil of T. vulgaris; once again, the activities against Gram-positive were higher than those against Gram-negative bacteria. In a study by Dormán et al. (24) , however, T. tmlgaris oil and accordingly thymol were found to be slightly more active than O. vulgäre and carvacrol, respectively. Moreover, Dormán et al. could evidence the importance of the phenolic structure for antimicrobial activity. The lack thereof in p-cymene would explain its weak antimicrobial activity which was also proved by the present study. However, according to Veldhuizen et al. (25) , the solubility in aqueous solutions must be taken into account when comparing antimicrobial compounds. While the lower antimicrobial activity of o-cresol compared to carvacrol, which was also evidenced in the present study, could be explained with the removal of aliphatic side-chains that may play a role in the initial interaction with bacterial membranes, the weak solubility of p-cymene precludes a direct comparison with carvacrol. At least, the weak acidity of the phenolic structure presumably contributes to the antimicrobial activity, as carvacrol is distinctly more effective than aliphatic alcohols Uke menthol. Comparing the phenolic compounds, the order of antimicrobial activity is generally as follows (26) : carvacrol > thymol > eugenol. However, the order in the present study was: carvacrol > eugenol > thymol, but consistent with those previous findings eugenol-rich oils were less effective antimicrobials than thymol-rich oils (T. vulgaris and T. ammi). Concordant with the present results. Dormán et al. also found the oil of S. aromaticum to be less active than that of O. vulgäre. The present study also confirmed previous findings by Burt et al. (27) that evidenced the strongest activity against E. coli for the essential oil of O. vulgäre, followed in descendingorderby T. vulgaris, P. racemosa and S. aronuiticum. Comparing a study by Azaz et al. (28) with the present findings, the oil of S. hortensis gave similar results, except against C. albicans which was moderately inhibited in the previous study. Simlar to the results of a study by Oussalah et al. (29) , the oils of S. hortensis was proved to be more potent against Cram-positive and Cram-negative bacteria than T. vulgaris, which was in turn more effective than C. zeylanicum and S. aromaticum, but in contrast to the previous study, the oil of P. dioica demonstrated stronger antibacterial effects than the three oils mentioned before. Consistent with the results in the present study, Singh et al. (30) evidenced that the oil of T. ammi inhibited the growth of Cram-positive better than that of Cram-negative bacteria; once again it was least effective against P. aerugino.sa.
In conclusion, the aromatic target compound carvacrol as well as oils rich in this component (O. vulgäre and S. hortensis) proved to be highly effective agai nst the tested microbes, whereas the activities of eugenol-rich oils, especially C. zeylanicum and S. aromaticum, were lower. Generally, the results for diffusion and dilution assays strongly correlated. However, aromatic target compounds (with exception of eugenol) and synthetic antibiotics tended towards weaker effects in agar serial tube dilution assay than essential oils and natural antimicrobials. Civen the fact that some essential oils possess higher antimicrobial activities compared to their main compounds, it may be assumed that combined and/or synergistic effects of different oil constituents are responsible for these phenomena. Therefore, the authors can include these results into their database of antimicrobial aroma samples of a current international project.
